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Rayleigh-
B\’eIlard (RB) \Delta T Prandtl
$Pr$
q 1 $\mathrm{j}_{1}$ 1
T $x_{1}$
$\mathrm{q}=$ $-\lambda\nabla T-D_{01}\rho_{0}\nabla x_{1}$ (1)
$\mathrm{j}_{1}$ $=$ $-D_{10}\nabla T-D\rho_{0}\nabla x_{1}$ (2)
$\rho_{0^{\text{ }}}\lambda_{\text{ }}D$
$D_{01^{\text{ }}}D_{10}$ Dufour Soret
u $P$ $z$
Boussinesq
$. \frac{\partial \mathrm{u}}{\partial t}+\mathrm{u}\cdot\nabla \mathrm{u}=-\nabla\frac{P}{\rho_{0}}+\nu\nabla^{2}\mathrm{u}-\frac{\rho}{\rho_{0}}g\mathrm{e}_{z}$ . (3)
$\frac{\partial T}{\partial t}+\mathrm{u}\cdot\nabla T=\kappa\nabla^{2}T+\gamma_{1}\nabla^{2}x_{1}$ . (4)
$, \frac{\partial x_{1}}{\gamma- t}+\mathrm{u}\cdot\nabla\prime x_{1}=\gamma_{2}\nabla^{2}T+D\nabla^{2}x_{1}$ . (5)
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$z=-d/2,$ $d/2$ $T=T_{0},$ $T_{1}$
$(\mathrm{u}=0, \partial_{t}=0)$
1
0 $=$ $- \nabla\frac{P}{\rho_{0}}-\frac{\rho}{\rho_{0}}g\mathrm{e}_{z}$ (7)
0 $=$ $\kappa\nabla^{2}T$ (8)




$\frac{\partial \mathrm{u}}{\partial t}+\mathrm{u}\cdot\nabla \mathrm{u}=-\nabla\frac{P}{\rho_{0}}+\nu\nabla^{2}\mathrm{u}-\frac{\rho}{\rho_{0}}g\mathrm{e}_{z}$ . (10)
$\frac{\partial T}{\partial t}+\mathrm{u}\cdot\nabla T=\kappa\nabla^{2}T$ . (11)
$\frac{\partial\eta}{\partial t}+\mathrm{u}\cdot\nabla\eta=\frac{\gamma_{2}\kappa}{D}\nabla^{2}T+D\nabla^{2}\eta$ . (12)
. $\mathrm{u}=0$ . (13)
(7) $-(9)$ .
$T^{\epsilon}(z)=T_{0}- \frac{\Delta T}{d}z,$ $\eta^{\epsilon}(z)=x_{1}^{s}(z)+\frac{\gamma_{2}}{D}T^{*}(z)=\eta_{0},$ $\rho^{*}(z)=\rho_{0}(1-\overline{\alpha}(T^{\mathit{8}}(z)-T_{0}))(14)$
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$P^{s}(z)$ $\rho^{\delta}(z)$ (7) $T_{0}=(T_{0}+T_{1})/2$ ,
$\triangle T=T_{0}-T_{1},\overline{\alpha}=\alpha(1+S)$ $S=\beta\gamma_{2}/\alpha D$
convection-free state(14) $P=P^{s}+\delta p$ ,
$T=T^{\mathit{8}}+\delta T,$ $’|=\eta^{\theta}+\delta\eta$ (10)–(13)
$\frac{\partial \mathrm{u}}{\partial t}+\mathrm{u}\cdot\nabla \mathrm{u}=-\nabla\frac{\delta p}{\rho_{0}}+\nu\nabla^{2}\mathrm{u}+(\overline{\alpha}\delta T-\beta\delta\eta)g\mathrm{e}_{z}$ . (15)
$\frac{\partial\delta T}{\partial^{-}t}+\mathrm{u}\cdot\nabla\delta T=\kappa\nabla^{2}\delta T$ . (16)
$\frac{\partial^{-}\delta\eta}{\partial t}+\mathrm{u}\cdot\nabla\delta\gamma_{1}=\frac{\gamma_{2}\kappa}{D}\nabla^{2}\delta T+D\nabla^{2}\delta\eta$ . (17)
. $\mathrm{u}=0$ . (18)
$tarrow(d^{2}/\nu)t,$ $\mathrm{u}arrow(\nu/d)\mathrm{u},$ $\delta Tarrow$
$(\Delta/T)\delta T,$ $\delta\etaarrow(\Delta T)(\gamma_{2}/D)\delta\eta$
$\frac{\partial \mathrm{u}}{\partial^{-}t}+\mathrm{u}\cdot\nabla \mathrm{u}=-\nabla^{J}\frac{\delta p}{\rho_{0}}+\nabla^{2}\mathrm{u}+\frac{Ra}{Pr}((1+S)\delta T-S\delta\eta)\mathrm{e}_{z}$ . (19)
$. \frac{\partial^{-}\delta T}{\partial t}+\mathrm{u}\cdot\nabla\delta T=\frac{1}{Pr}\nabla^{2}\delta T$ . (20)
$. \frac{\partial\delta_{\mathit{7}\int}}{\partial t}+\mathrm{u}\cdot\nabla\delta\eta=\frac{1}{Pr}\nabla^{2}\delta T+\frac{L}{Pr}\nabla^{2}\delta\eta$ . (21)
. $\mathrm{u}=0$ . (22)
4 :Rayleigh $Ra=\alpha gd’\Delta T/\kappa\nu$,
Prandtl $Pr=\nu/t\acute{\iota}$ , Lewis $L=D/\kappa$ , $S$





convection) $\text{ }$ 8wt-%ethanol in water
27 $.53^{\mathrm{o}}\mathrm{C}$ $Pr=9.16,$ $L=$ -0.008, $S=$ -0.257 y $Pr=10,$ $L=0.\mathrm{O}1$ ,
$S=-0.25$ $Ra$ 2
$\mathrm{T}\mathrm{W}$ (Stationary Overturning
Convection or SOC state) $Ra$ r=Ra/(Ra)c=r*(
$(Ra)_{c}$ $=1708)$ SOC $\mathrm{T}\mathrm{W}$ $Ra$
Vp=\mbox{\boldmath $\omega$}/k( $\omega$ $k$ )
$r=r_{TW}^{\delta}$ saddle-node
subcritical
1: $\mathrm{T}\mathrm{W}$ $(r=1.3, Pr=10, L=0.\mathrm{O}1, S= - 0.25)$ 1




1 2 simulation box
$24_{\text{ }}48$ $\tau=0.25\mathrm{x}10^{-\}[d^{2}/\nu]$






$S$ $r^{*}=1.226_{\text{ }^{}2)}40\cross 20$ MAC
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2: $\mathrm{T}\mathrm{W}$ \mbox{\boldmath $\omega$} $V_{p}=\omega/k$
Rayleigh $k=\pi$
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